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Experimental and analytical bases for the determination of the
variation in the return coefficient (or reflector effect) with height
along the MIT Lattice Facility core are presented. The return coeffi-
cient is found to increase approximately exponentially with height along
the core, and is very nearly equal to unity at a distance ~5>0.3 inches
above the lattice tank bottom c
The variation of the return coefficient prompted an investigation
of the variation in the activities of the outer-most foils of a radial
buckling measurement with height. The relative activities of the outer-
most foils were found to increase with height. This effect rapidly died
out as foils further from the core edge were considered however. And,
since the two end foils are dropped in all radial buckling measurements
performed at MIT, the effect of the relative activity increase on c*.
is non-consequential.
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1.1 The MIT Heavy Water Lattice Facility
Under the sponsorship of the United States Atomic Energy Commission,
the Nuclear Engineering Department of MIT is conducting a research program
on the physics of lattices of slightly enriched uranium rods in heavy
water. Several reports describing the results of investigations associated
with this project have been published (Bl, D2, HI, H2, Ml, M2, PI, P2, SI,
W2, and W3).
It is of interest, however, to describe briefly that portion of the
lattice facility pertinent to the following report. A more detailed
description of its construction may be found in reference (Ml). For this
discussion, attention is directed to Figs. 1.1A and LIB.
The subcritical lattice facility consists of two concentric aluminum
tanks, the outer tank being 72 inches in diameter and is stationary while
the inner tank is of variable size, and is presently 36 inches in diameter.
The tanks are 67 inches in height. The fuel rods are slightly enriched
uranium and the moderator is DO. The MIT reactor is utilized as the
source of neutrons for the assembly. The neutrons traverse a thermal
column of reactor grade graphite (52 inches long, 63 inches x 63 inches),
are reflected within the graphite lined cavity, or hohlraum (72 inches
x 60 inches), and then enter the lattice tank through its bottom. The
shape of the flux distribution entering the assembly closely resembles


































FIG. LIB VERTICAL SECTION OF THE SUBCRITICAL ASSEMBLY
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virtually purely thermal has been shown by Palmedo (Pi), who obtained
cadmium ratios of 1000 to 3000 with gold foils in pure moderator.
The inner tank of the lattice, which contains the core, is covered
by a 0.020 inch cadmium cover. This cover is held flush with the tank
by means of two stainless steel bands which are separated by a vertical
distance of 53-13/16 inches. The cadmium cover serves the purpose of
preventing thermal neutrons from being reflected back into the tank.
During the period within which this investigation was made (Nov-
ember 1961; to January 1965), the MIT reactor operated at a power of
(1.95 - 0.02) MW. This operating power level gave a thermal flux of
9 2
approximately 5 x 10 neutrons per cm /sec. at the bottom of the lattice
tank.
1.2 History and Purpose of Work
The concept of room return has been of interest to those engaged in
work on the MIT Heavy Water Lattice Project since its inception in 1959.
Experimental evidence has indicated that lattice measurements can be made
by considering the assembly as bare, i.e. unreflected. However, this
consideration will be inaccurate in the absolute sense if there is any
scattering back of neutrons from the surrounding shielding.
The possibility of the existence of such a neutron return into the
MIT lattice, and the further possibility that this return might cause
perturbation of the J distribution prompted the theoretical investigation
of Palmedo, et al (Pi). To summarize this work, the authors considered
placing a solution of B 0_ in H^O between the inner and outer tanks of
the lattice facility. The results, as were to be expected, indicated
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that only the thermal component of the reflected spectrum could be
eliminated, and even this required very high concentrations of boron in
the water (about 90 grams/liter). Furthermore, because of the efficient
reflection of fast neutrons by the water, even at this high boron concen-
tration, the experimental points recorded would not correspond to those
of a bare system. Thus, not only would this method not have produced the
desired result of eliminating the neutron return but, in addition, the
possible contamination of the DO moderator by this BO solution would
be an ever present problem. Consequently, the solution as initially
reported in the Lattice Project's First Annual Progress Report (Tl), that
is, wrapping the inner tank (the core) of the assembly with 0.020 inch
thick cadmium, has been used. Although the latter scheme is cleaner, it
is still only a partial solution to the problem since fast neutron re-
flection will not be eliminated by the cadmium and, hence, may cause a
perturbation of the neutron flux distribution near the outer edge of
the inner tank.
This concern over the possible existence of a reflected neutron
current is not peculiar to MIT. The need for a correction due to this
phenomenon has been recognized by several facilities. For example,
Girard et al(Gl), in their paper presented to the Second Geneva Conference,
talk of "reflector coefficients" for France's Aquilon. They observed this
reflector effect to be of the order of 3 per cent and to be practically
the same for all measurements carried out with the same reference lat-
tice. Dessauer (Dl), in a similar paper, reported that corrections had
to be made for "irregularities at the boundary region between the test
region and the outer region." This resulted in a correction to the buck-
-2




Direct measurements of the room return have not been made previously
at MIT because the design of the proper detector which would most adequately
fit the needs of the project has been an elusive problem. Weinstock and
Phelps of the Brookhaven National Laboratory have recently developed such
a detector (Wl), and it is of interest to try this detector for the
measurement of room return at MIT.
It has been, therefore, the primary aim of this investigation to
determine by experimental measurement, the current of fast neutrons which
are reflected back into the inner, cadmium covered tank. A detailed
description of the procedures utilized in making this measurement are





2.1 Preparation for the Measurement
In preparation for measuring the current of fast neutrons reflected
back into the inner, cadmium covered tank, several considerations were
necessary.
(1) Access had to be gained to the space between the two
lattice tanks, as this is where the measurement was to be made.
It was desirable that the method devised be such that any re-
quired mechanical work could be accomplished within the lattice
room, that is without recourse to complete dismantling of the
lattice tank structure.
(2) A method for guiding the detector in its descent
between the tanks which would involve a minimum amount of
equipment was required. The presence of extraneous material
could cause unnecessary perturbation of the neutron flux and
thus yield results which were not characteristic of the flux
normally present.
(3) Additional care must be taken to insure that leakage
of the nitrogen blanket which covers the DO moderated core
would be prevented. If this were not done, the system would
become contaminated with air, and subsequently bring about a
reduction in the DO purity.
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As a solution to these problems it was decided to saw a 3 inch hole
in the 6.75 inch wide lip of the 3 foot diameter lattice tank (M3) with
the appropriate size hole saw (Fig. 2.1A). A portable drill was used so
that the hole could be made in the lattice room, thus avoiding the problem
of dismantling the tank structure. To guide the detector, 72 pound test
nylon line was suspended between and secured to the stainless steel bands
surrounding the cadmium covered 3 foot tank described in Section 1.1.
These nylon lines were placed approximately 1§ inches apart, as the
detector, being greater than 2 inches in diameter when fully assembled,
would then be subjected to a definite holding power (Fig. 2.2.2A). The
fact that the nylon lines were secured to the stainless steel bands made
it possible for the detector to be flush with the side of the 3 foot
tank for all measurements.
Finally, in order to prevent leakage of the nitrogen blanket, the
hole in the tank lip was plugged with a No. 1$ standard laboratory rubber
stopper. The method used for controlling the depth of descent of the
detector with this plug inserted will be explained in Section 2.2.2.
2.2 Description of the Detector
2.2.1 Description
The detector utilized in this experiment consisted of a solid cyl-
inder of indium (99.99 per cent pure), 2 inches in diameter by 1 inch
thick (Fig. 2.2.1A). It was completely surrounded with 0.020 inch cad-
mium, thereby precluding the possibility of activation by thermal
neutrons. Two depressions approximately 0.780 inches in diameter by
0.020 inches deep were milled on the flat faces of this cylinder. Each
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of these depressions held 2 indium foils which were 0.73>0 inches in
diameter and 0.010 inches thick. The foils were numbered 1 through U,
as shown, where foil number 1 was nearest to the 3 foot diameter lattice
tank for all runs.
2.2.2 Method for Lowering the Detector Between the Lattice Tank
Once the detector, as described in the previous section, had been
assembled, a stainless steel clamping device was secured around its cir-
cumference (Figs. 2.2.2A and 2.2.2B). This served the dual purpose of
holding the cadmium cover in place while also providing a means whereby
the detector could be lowered between the 3 foot and 6 foot lattice tanks.
To accomplish this lowering procedure while regulating the detector 1 s
path of descent, hollow stainless steel tubing, 3/l6 inch O.D. and ap-
proximately J inch long was soldered to the sides of the stainless steel
clamping device as shown in Fig. 2.2.2A. These pieces were cut in half
lengthwise thereby providing runners to engage the nylon line mentioned
previously.
To regulate the depth to which the detector was lowered another
piece of hollow tubing was soldered to the top of the clamping device.
To this was attached a 0.032 inch diameter stainless steel cable, appro-
priately marked so that the vertical position of the detector would be
known at all times. This cable was then fed through a hole in the rub-
ber stopper, and secured at the desired location by means of a flat piece
of aluminum stock (l^ inch x 3/8 inch x § inch) equipped with a stainless
steel set screw. The arrangement proved to be satisfactory, as the cable
was sufficiently strong to preclude the possibility of snapping if
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Fig. 2.2.2A FRONT VIEW OF TH8 INDIUM DETECTOR
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Fig. 2.2.2B SIDE VIEW OF THE INDIUM DETECTOR
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subjected to a sudden jerk, and the combination of the nylon lines and
the set screw device permitted exact knowledge of the detector 1 s position
for each run. Fig. 2.2.2C is a view of the experimental set up.
2.3 Foil Preparation and Irradiation Techniques
Following the procedure of Weinstock and Phelps (Wl), indium foils
were chosen for this experiment. The neutron bombardment of indium pro-
duces the reaction In (n,?f) In . The resulting excited level of
In which decays by gamma emission with a half life of 5>U.12 minutes is
the decay process that was observed. There are three primary reasons
why indium was chosen as the most suitable material to be irradiated.
(1) Indium has a large value of the neutron absorption
cross section at its l.lj8 ev resonance (approximately 30,000
barns)
.
(2) The observed decay process of In has a relatively
short half life, thus requiring runs of only 30 minutes to 1
hour duration in order to yield a high count rate.
(3) Indium is a relatively low cost material (as compared
with gold, for example, the other material given primary
consideration)
.
The 0.010 inch indium sheets from which the foils were cut were all
taken from the same manufactures lot. The foils to be irradiated were
punched to 0.75>0 inches in diameter
For each irradiation the indium cylinder, the cadmium covers, as
well as the individual foils to be used were washed with acetone and
wiped clean before being assembled. Once the foils had been inserted in
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Fig. 2.2.2C DETECTOR SUSPENDED ALONG THE SIDE OF THE
THREE FOOT LATTICE TANK
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the milled depressions on the faces of the indium cylinder they were held
secure by the application of a small strip of mylar tape, shown by Simms,
et al (Si) to have negligible effect on the foil activation. The cadmium
covers were then put in place and held secure by the stainless steel
clamping device previously described.
When the run had terminated, the detector was dismantled and a foil
0.387 inches in diameter was cut from the center of each irradiated foil.
This procedure negated any effects which might be caused by streaming or
by the presence of burrs on the irradiated foil. The foils were then
gamma counted on both sides with a Nal (Tl) well type scintillator in
conjunction with Hamner electronic equipment (Appendix A). After a suit-
able time delay for de-activation of the foils, their weights were
c





In analyzing the data obtained by counting both sides of each of
the four foils shown in Fig. 2.2.1A, it is necessary to look at the
neutron currents incident on each side of each foil. The reader is
referred to Fig. 3.1A, in which the foils are shown to be considerably
larger than they actually are. Recall that the 3 foot lattice tank (the
core) is located to the left of the sketch, while the reflecting 6 foot
tank is located to the right. Also, the detector is flush with the side
of the 3 foot tank.
We wish to determine the albedo-like quantity $,
activity of the right side of foil number h
o _ due to the room-reflected neutron component /.. \
"
" activity of the left side of foil number 1
due to the neutron leakage from the core
It is to be noted that the activity of any side of any one foil will be
attributable to two separate components of neutron current. First there
is the leaving component, i.e. those neutrons which leave the 3 foot lat-
tice tank and travel outward, and secondly, a returning component due to
neutrons which having left the 3 foot lattice tank, are reflected from
the exterior surroundings, and are then capable of re-entering the 3 foot
tank. An expression for the quantity, ^3, will now be derived in terms of
measureable quantities.
In the following derivation the subscript "L" implies that the quan-































right while the subscript "R" implies that the quantity so subscripted
is applicable to neutrons which travel from right to left. Also, the
small letter •U* subscripted with the numbers 1 to h refers to the act-
ivity of the left side of foil 1 to U while the small letter "r" subscripted
with the numbers 1 to k refers to the activity of the right side of foil
1 to k.
First define a transmission factor for a single outer foil
*i - r^ ' (2)
where 1-. T and 1 T are measured activities and JL r /&-> T gives the ratio
of neutrons which pass through the first foil and activate the second,
i.e. the "transmission" of foil number 1 by those neutrons leaving the
lattice core.
If it is now assumed that the contribution to the observed activ-






This is a reasonable assumption and implies that the activation produced
by neutrons in the reflected component which escape the indium resonances
while traversing the inch thick indium block will be negligibly small com-
pared with the activation produced by the component leaving the lattice
core.
Next the assumption is made that any neutron which traverses the
entire block of indium (the detector), traveling from left to right, will
activate the right side of foil number h to the same extent that it




3,L " %l " eL • <3)
This again is a reasonable assumption since any neutrons which have
penetrated the block must have energies at which the indium cross section
is small and for which the attenuation is therefore low (Wl)
.
The following expression may now be written for the measured






















where the quantity 6
T
is defined by Eq. (3) above and R represents the
activation of the right side of foil number k due to the reflected neutrons
i
only while R represents the activation of the right side of foil number
i
3 due to this same component. 9R is different from and less than 6R due
to passage through foil number U. The superscript Mm" implies a
measured quantity.
Eq. (h) may be rewritten ass
m ±+ 1
eR 9R
The quantity 9p/©n represents the transmission through foil number k of
those neutrons which travel from right to left only, i.e. the reflected
component. If it is now assumed that the spectral distribution of the
outgoing and the returning components in the indium resonance activation
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region are identical, then












Hence, the result is an equation with only one unknown, 9_ /9R „ The
equation may consequently be solved for this unknown and thereby obtain
9„, the activation of the right side of the fourth foil produced by the
returning neutrons only. From this it is possible to determine the
return coefficient, ((3, as defined by Eq. (l),
e.
The procedure follows.
Rewriting Eq. (6) gives
m .



















Now add 1 to both sides of Eq. (7) for simplification of the solution;
thus




Recall now, from Eq. (U), that
r™
" \L + %R 9L + 9R-
This may be rewritten as
r




- r£ (x 1) (9)
where the superscript "a" implies the actual activity of the right side
of the fourth foil which is due to returning neutrons only, (i.e. r = 9„)
Eq. (8) may now be combined with Eq. (9) to yield rf in terms of quan-
tites which may all be determined experimentally t
m
m













If Eq. (10) is then evaluated from the experimental data recorded for each
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In determining the return coefficient as given by Eq. ( ll) of
Chapter III, it must be recognized that there are three primary sources
of neutrons which can contribute to this return effect?
(1) Those neutrons which leave the lattice core are
reflected and then return to the core.
(2) Those neutrons which enter the if- foot wide
annular ring between the two lattice tanks from the
graphite cavity (Fig. 1.1B).
(3) Those neutrons which are due to sources external
to the lattice room itself, such as leakage neutrons from
the METR.
Since an important part of this investigation was to determine the
extent to which the lattice core contributed to the neutron return, the
method used to determine this component, separate from the latter two
sources mentioned above, will be presented in this chapter and the sub-
sequent results discussed.
h.2 Description of Lattice Configuration
The core of the lattice under investigation at MIT during the per-
iod in which this work was performed, consisted of 361 cylindrical rods
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of metallic uranium enriched to l.llj.3 W/° u . The rods were each 0.25
inches in diameter and were arranged in a triangular pitch of 1.75 inches.
The moderator was DO with a purity of 99.6 per cent.
The vertical configuration of one fuel rod within the lattice core
is shown in Fig. U.2A. In Fig. Ii.2B the locations are shown at which
measurements were made in determining the return coefficient as a function
of height along the side of the lattice core. It is to be noted that the
measurements did not extend the full length of the fuel element. The
range of the measurements was limited owing to the location of the two
stainless steel bands used to hold the cadmium wrapping flush to the side
of the 3 foot tank (Section l.l), and between which the return coefficient
measurements were made (Section 2.1).
ii,3 Experimental Runs with a Loaded Core
To determine the return coefficient due to all three sources listed
in Section h»l s two experimental runs were made at each of the fifteen
locations shown in Fig. lu2B. The core was loaded as described in Section
ll. 2. Each side of each of the four foils irradiated was then gamma
counted as described in Appendix A. The resulting activities were fed
into a computer program, ACTOR (see Appendix B), which corrected the
observed activities to the saturated activity and normalized this value
as to foil weight. The output from ACTOR was fed into a second computer
program, BETA (see Appendix B), which determined the return coefficient,
} by solving Eq. (11) of Chapter III.
In both computer programs the statistical fluctuations were deter-
mined in the usual manner (El), assuming a Poisson distribution.
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The resulting return coefficient for the fuel runs, plotted as a
function of vertical distance along the side of the lattice core tank, is
shown in Fig. U.3C. In Fig. U.3D are recorded the same data plotted with
the return coefficient on a log scale. Note the closeness to which the
return coefficient, as a function of height, approaches a straight line
in the latter plot. In both plots, the standard deviation due to count-
ing statistics is less than the size of the points through which the
curves are drawn. TABLE U.3 gives the values of$ which are plotted.
Figs. iio3A and U.3B are presented to indicate the manner in which
the component of neutrons which leave the core (jL) and the component of
neutrons returning to the core (r> ) vary with core height. The ratio of
the points recorded on the two plots at any one detector position will
give the return coefficient at that position as plotted in Figs. U.3C
and Iu3C
It is to be noted that Figs. U.3A and lu3B do not represent the
absolute magnitude of the leaving and returning neutron components as
these components vary with height. There are two primary reasons for
thiss
(l) The equation used to determine the plotted act-
ivities (Appendix B) lacks a multiplicative factor of ^T,
,
)l being the decay constant for In and Tj being the dur-
ation of the counting period. Since this value was the
same for all foils, it would cancel when foil ratios were
taken to determine f9. Hence, it was not included in the
defining equation for activity.
(2) It was found that an inconsistency in the act-
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to 15. This was attributed to a change in the effective
sensitivity of the counting equipment caused by discrim-
inator drift. Thus, in order that Figs. It. 3A and ln3B
appear as smooth variations, it was necessary to multiply
the activities at these positions by a "shifting factor."
The shifting factor was set equal to 0.6U. Again, this
in no manner affects the variation exhibited by the return
coefficient, as the change in the sensitivity would appear
as an additional efficiency term and would thereby cancel
when the foil ratio r. pL = <$ was calculated.
For these reasons, Figs. U.3A and U.3B should be consulted only to gain
insight into the manner in which the leaving and returning neutron com-
ponents vary, or, the manner in which the resulting return coefficient
varies.
U.3ol Discussion of Results for the Fueled Runs
From Fig. lu3C it is seen that the return coefficient is smallest
near the bottom of the lattice core and increases with vertical distance
along the tank. To interpret this phenomenon, it is necessary to look
at the magnitude of the activities involved in the definition of $
,




(see Figs. U.3A and U.3B, and Appendix C)
First investigate the variation of JL
the lattice core (Fig. U.3A). Recall that the lattice facility with its
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source, the MITR, removed is subcritical. Hence, insufficient neutrons
are generated by the lattice core itself to maintain k
ff>
1. When
the neutrons from the MITR are made available to the lattice core, they
enter the tank bottom with a shape closely resembling a J distribution
and are almost totally thermalized, as discussed in Section l c lo These
thermal neutrons cause fissions in the fuel, thus producing epithermal
and fast neutrons. Some of the higher energy neutrons produced are
slowed down so that they too assist in sustaining the fission process,
thus further increasing the quantity of fission produced neutrons. The
leaving component of neutrons is therefore a "dual component" and will
consist of contributions from fissions caused by both source neutrons and
thermalized fission produced neutrons. This "dual contribution" will
not be present for the entire length of the core however, since the con-
tribution from the source neutrons will quickly die out with increasing
height. In fact, at a height greater than approximately 20 inches above
the lattice tank bottom, the observed leaving component is due almost
totally to fission produced neutrons. This latter component then decreases
with height approximately exponentially.
As would be expected, r? shows the same variation with height as fi ,
for small vertical distances. For vertical distances greater than ap-
proximately 20 inches above the lattice core bottom, r, also decreases
in an exponential manner with height, but in such a sluggish manner that
it may be said to be approximately constant. This slower decrease can
be attributed to external sources as given by factors (2) and (3) in Sec-
tion U.lo An additional contribution is also present from these neutrons
which leave the lattice core at some location other than that of the
detector and are subsequently scattered into the detector.
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In summary, it may be said that the variation of the return
coefficient with height is most strongly affected by the variation in
SU . This, of course, is due to the relative variation of the magnitudes
of the activities involved.
It is also to be noted that the return coefficient is greater than
1 at position fifteen. This implies that more neutrons are returning to
the core than are leaving, i.e. that the returning component of neutrons
contains contributions from sources in addition to that component leaving
the lattice core which is reflected. This fact complements the discussion
of the variation of rjS with height, which is given above. The following
section, which reports the results of the moderator runs, will give
further insight into the external sources involved.
li.U Experimental Runs with Moderator Only
In order to separate the effect of the fueled lattice core on the
return coefficient from the other two sources listed in Section U«l$ a
series of runs were made in which the core tank (the 3 foot tank) was
filled with DO moderator only. The recorded activities were analyzed
with the computer codes ACTOR and BETA in a manner identical to that
followed in analyzing the data from the fueled core runs described in
the previous section. The results are presented in Figs. I4..UC and lul|D.
TABLE k.k gives the values of <3 which are plotted. Figs. U.UA and I4..I4B
show the variation of SL and rf with height along the lattice core for
the moderator runs.
li.U.l Discussion of Results for the Moderator Runs
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greater for the moderator runs than for the fueled runs, if a point-by-
point comparison is made with Fig. U.3C. Since no fuel is present, the
only sources of neutrons for the leaving component are (l) source neutrons
coming from the graphite cavity, and (2) the photo-neutron reaction in
DO. The returning component appears to be dominated, not by the core
generated neutrons, but by neutrons which enter the 1^ foot wide annular
ring between the two tanks from the graphite cavity. Although neutrons
from a source external to the lattice room could also be a part of the
returning component, this is considered to be a small, constant
contribution.
From Fig. U.liD it is seen that the return coefficient varies ap-
proximately exponentially with vertical distance along the lattice core.
This is as expected, for if it is assumed that the contribution to the
returning component of neutrons from (l) those neutrons which enter the
1^ foot wide annulus, and (2) those which are generated totally external
to the lattice room are nearly constant (which is a good assumption -
see Fig. luljB), then the variation in the return coefficient with height
goes as e " , which is aproximately the manner in which the quantity of
source neutrons within the lattice core decreases. The photo-neutron
reaction in the DO moderator also contributes to the leaving component,
but sufficient information is not available at the present to determine
the extent to which this phenomenon contributes to the total neutron
population within the MIT lattice core. Further work is in progress at
MIT to determine the magnitude of this reaction.
U.5> Return Coefficient Due to Lattice Generated Neutrons
To determine the return coefficient as a function of vertical
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distance along the lattice core due to lattice fuel generated neutrons
only, it was necessary to combine the return effects illustrated by the
fueled runs and the moderator runs.
To understand how this combined return coefficient was determined,
it was necessary to recall one of the basic assumptions made in Chapter
III. in that chapter it was assumed that any neutron traveling from left
to right (i.e. leaves core and travels outward) which activates the right
side of foil number 3 will also activate the right side of foil number h
to the same extent (ref. Fig. 2.2.1A). Then it may be said that
\- Tl ' %L - r3,L > (1)
where r. is the total activity of the right side of foil number U, r, is
that portion of the activity which is due to the returning component of
neutrons, and r,
T
is that portion of the activity which is due to the
leaving component of neutrons, using the notation established in Chapter
III. So follows that
r
3
= r3" r3,L = r3'%L ' (2)
where the expressions have the same meaning as above, with only the sub-
scripts changed.
ci 3.
Thus if r^ and r, are determined for both the fueled and the moder-
3 4
ator runs (performed by BETA) a net R and R, , due to lattice born
neutrons, may be obtained as follows:
r
a a
r = R , and (3)3,F A 3,M "3
%F " rS,M = \ > {h)




Note that both R and R, are functions only of the epithermal and
fast leakage flux generated within the lattice core by the fuel. That
8.
is, since r, „ consists of reflected neutrons due to
(1) leakage neutrons generated by the fuel
(2) source neutrons which leak out and neutrons from
the photoneutron reaction in the DO moderator, and
(3) neutrons which enter the lj foot wide annular ring
between the two tanks and any external source which might be
present,
while r, M contains only contributions from the latter two sources, then
r> „ - r. „ will leave only the contribution from the reflection of the
fuel generated neutrons which leak out. The same considerations would be
true for R .
Now, using these values of R and R.
,
the return coefficient |Q may
be determined utilizing Eq. (ll) of Chapter III as before. However, $L
and ^
2
will be replaced by 1^ « ^ F 41H and L2 = ! 2 p = i M to
be consistent with the above considerations.







The values of the return coefficient so obtained are plotted in Figs.
U.5A and lu£B, and one tabulated in TABLE U.5. Fig. iuf>C shows Figs. U.3C,
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contributions of the various sources of the returning component of
neutrons.
Iu5«l Discussion of Results for the Determination of Due to Lattice
Fuel Only
From Fig, H.5A it is seen that the contributions of sources other
than the lattice fuel have little effect on the approximately exponential
variation of the return coefficient with vertical distance along the lat-
tice core. The exact magnitude of this effect is seen in Fig. 1|.5C. This





DETERMINATION OF THE EFFECT ON LATTICE MEASUREMENTS
PRODUCED BY THE NEUTRON RETURN PHENOMENON
5.1 Introduction
As mentioned in Section 1.2, the MIT lattice core is treated as a
bare cylinder for all experimental measurements performed. In making
this assumption, the possible existence of a reflector effect is recog-
nized, but any perturbation this might cause is assumed to be damped
out near the core edge. In this paper the magnitude of the reflector
effect has been determined, and it now remains to determine the range
of validity of the assumption that this effect is damped out near the
core edge.
5.2 Procedure
It was decided that the investigation of radial buckling measure-
ments made at various heights within the lattice core would yield the
desired information. Since the return coefficient increases with height,
a similar increase in the activities of the outer foils in a radial
buckling measurement would complement the return coefficient measurements
and also allow the range of validity of the assumption that the return
effect is damped out near the core edge to be determine. Time did not
permit making these radial measurements on the same lattice utilized for
the return coefficient measurements, and it was therefore necessary to
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look at similar data previously obtained on another lattice. This latter
lattice (to be referred to as the reference lattice) had the same char-
acteristics as the lattice utilized for the return coefficient measurements,
excepting that the enrichment was 1.03 w/o U in lieu of 1.1^3 W/o
U (Section In 2). In both cases the MITR operated at a power level of
(1.95 - 0.02)MW. Thus, although the comparison will not be exact, the
possible existence of a general trend may be established.
The particular radial buckling measurements investigated consisted
of the irradiation of cadmium covered gold foils (99*9 per cent pure),
1/8 inch in diameter and 0.010 inch thick. The distances above the bot-
tom of the lattice tank and the run number involved are given in TABLE
5.2.1. The radial buckling values obtained are included for future refer-
ence. For each of the radial bucklings listed in TABLE 5.2.1, twenty
points were used in the computation. The measurements were made in a
direction parallel to the girders (Fig. 5.2A).
To determine the relative activities at various heights of the out-
side foils used in the buckling measurements, it is necessary to normalize
the activity of the outer most foil to that of the central foil* Since
the reference lattice was a rod-centered lattice, there was no central
foil; but there were two foils approximately equi-distant from the center
(of the foil holder). Consequently, the activity of the outer most foil
was normalized to the arithematic average of the two foils equi-distant
from the center. The particular outer foil used was that foil located
nearest the black plug to the right of the girders (B - end), visable in
Fig. 5.2A. This black plug marks the location of the return coefficient
measurements. Note that the radial buckling measurements were not made
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RADIAL BUCKLING VALUES AT VARIOUS DISTANCES ABOVE THE LATTICE
TANK BOTTOM FOR THE REFERENCE LATTICE
Radial
Run Buckling (/aB)










in a direction such that the location of the outer foil corresponded to
the location of the return coefficient measurements, but again, the
results are being reviewed to look for a general trend.
The results of normalizing the activity of the outer foil to that
of the two central foils, and then normalizing these results such that
the activity of the outer foil at the lowest vertical distance is taken
as one, are given in TABLE 5.2.2.
TABLE 5.2.2
RELATIVE ACTIVITIES OF THE OUTER, CADMIUM COVERED, FOIL AT
VARIOUS HEIGHTS IN THE REFERENCE LATTICE
Distance From Distance of Foil Relative Activities










The results listed in TABLE 5.2.2 indicate that the activity of the
outer foil in a radial buckling measurement definitely increases with an
increase in vertical distance from the lattice tank bottom, and this was
the trend it was desired to establish.
To determine just how many of the foils in a radial buckling measure-





RELATIVE ACTIVITIES OF RADIAL BUCKLING FOILS AS A
FUNCTION OF RADIAL AND VERTICAL POSITION
Distance From Distance of Foil Relative Activities



















From TABLE 5.2.3 it is seen that the magnitude of the return effect
decreases quickly with distance away from the core edge, and that only
the increase in the activity of the end foil, and to a lesser extent the
second foil in from the core edge need be closely observed.
Now, although not strictly correct, it seems of interest to compare
the relative increase in activity with the increase in the return
coefficient. To do this, Fig. 5.2B was prepared, where distance from
core edge, at constant height, is plotted against the normalized activity.
The data was then extrapolated to the core edge, and the resulting value
of the normalized activity compared with the return coefficient, normal-
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procedure performed for the foil activities. This comparison is made in
TABLE 5. 2. lu In studying this comparison, the existence of differences
in the lattice cores utilized for the two types of measurements, and the
differences in the relative directions of the measurements must be held
in mind.
TABLE 5.2.U
LISTING OF NORMALIZED FOIL ACTIVITIES AND NORMALIZED
RETURN COEFFICIENTS AS A FUNCTION OF HEIGHT
Distance From Normalized









A precise explanation of the variations between the normalized activities
and, the normalized return coefficients cannot be given for reasons stated
previously.
' Although it has been definitely established now that:
(1) the neutron return coefficient increases with
height, and
(2) the activity of the outer foil in a radial buckling
measurement increases with height,
it remains to see exactly what effect there is on the overall results of
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measurements made within the lattice core. The measurement of particular
interest is the radial buckling, and it can be seen from TABLE 5.2.1 that
the determined values of <*, as a function of height, do not appear to be
systematically affected by the neutron return effect. In this tabulation
none of the experimental points have been dropped. It must be remembered,
however, that the highest vertical distance at which buckling measurements
were made in the reference lattice corresponds to a height approximately
midway between positions 7 and 8 used for the return coefficient measure-
ments, where (8 — 0.27 (ref. Fig. U.3A). As the height is increased
beyond this point, v3 increases markedly. Hence, the values of the radial






In general, the purpose of this work has been to determine the
return coefficient, as a function of height, for the MIT Lattice Fac-
ility. A secondary objective was to determine the extent to which the
return effect, if it existed, affected measurements made within the
lattice core. Both of these objectives have been accomplished. The
return coefficient was determined to increase approximately exponent-
ially with height, reaching a value very close to unity at a height of
50.3 inches above the bottom of the lattice core tank. By investi-
gating the results of radial buckling measurements, it was found that
the outer-most foil in this measurement (1.30 inches from core edge) is
most strongly affected by the return effect. However, for the radial
runs investigated, the effect was not enough to create any systematic
variation in the value of «* as a function of height. It must be remem-
bered however, that the values of <* given in TABLE 5.2.1 were determined
without dropping any experimental points. The value of c* which is
reported is determined by dropping the two end foils. Thus, at the par-
ticular heights investigated, the effect of the returning neutrons on
the radial buckling measurements is non-consequential. As the height at
which such radial measurements are made is increased however, the increase




An additional comment should be made concerning the derivation of
the return coefficient equation (Chapter III). In this derivation the
assumption was made that the contribution to the observed activities of
the left side of foils 1 and 2 of the reflected neutrons is negligibly
small (ref. Fig. 2.2.1A). It is intuitive that this assumption would be
good for all runs in which the magnitude of the leaving component of
neutrons is considerably greater than the magnitude of the returning
component of neutrons. However, when these two components are of similar
magnitude (e.g., at detector positions lU and 15, where it is to be
recalled that the magnitude of the components is much smaller), the worth
of this assumption is somewhat hidden. It is felt that a reasonable
amount of validity still exists since the number of returning neutrons
which penetrate the inch thick block of indium will be considerably less
than the total number which initially strike foil number U. However,
the definition of "a reasonable amount of validity" cannot be made pre-
cisely. It would therefore seem advisable that an experimental
verification of this assumption, for which time was not available during
the course of this work, be performed before the return coefficients, as





DESCRIPTION OF THE COUNTING EQUIPMENT
AND THE COUNTING PROCEDURE
The activities of the irradiated foils were obtained by counting
the gamma rays emitted in the decay of In , the specific nuclear
reaction being In (n,tf) In . The particular excited level of In
observed had a half life of 5U.12 minutes. The pulse height analyzer
was calibrated to pass signals from gamma rays of energies between 0.8U
to 2.3U Mev. The dead time of the counting set up was determined by the
two-source method utilizing two Co foils and was found to be 0.1U8 x
10" minutes.
A Harshaw Nal (Tl) well-type scintillator with the following
characteristics was utilized
s
Crystal diameter - 1 3/k inches
Crystal height - 2 inches
Well inside diameter - 21/32 inches
Well depth - 1 35/6U inches
In conjunction with the Harshaw scintillator, Hamner electronic
equipment was used as follows?
Amplifier - Model N-38O
Pulse height analyzer - Model N-685
Scaler - Model N-251
Mechanical timer - Model N-821
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The high voltage supply used was a product of Cosmic Radiation
Labs., Inc. The Model was Spectrostrat 1001 B.
Each side of each of the four foils irradiated was counted for a
3 minute period. Background counts with a minimum duration of 30 minutes
were taken upon completion of counting the foils for each run.
It is to be noted that it was not necessary to recalibrate the
counting equipment before each day's runs. Since only activity ratios
were utilized, any change in efficiency due to possible gain shifts




DESCRIPTION OF THE COMPUTER CODES
ACTCOR AND BETA
B.l ACTCOR
ACTCOR performs the task of correcting the observed foil activities
to the saturated activities and then normalizes this quantity as to foil
weight. To carry out this function, ACTCOR solves the following equations
\ \ * (T 2 * V
—
- bkgnd. J eJL
-*T_
-AT,




where N = Total observed count rate
T = Waiting time, or time from end of run until start of first
count
T = Clock time, or time from start of first count until start of
count for particular foil whose decay process is being observed
T. Duration of the counting period (3 minutes for each side of
each foil)
)\ = Decay constant for the decay of In ( ft s 0.69315/ half
period)
T - Dead time of the counting set up (T* = 0.1U8 x 10" minutes)
bkgnd. Background, in counts/minute

- 71 -
Weight = Foil weight
The multiplicative factor ^T, was omitted from the numerator of Eq. (l)
since this is a constant for all runs.
To determine the standard deviation of the corrected activity, two
assumptions were made:
(1) that the background is small compared to the
total number of counts recorded and
(2) that the counter dead time is acceptably-
small such that little or no correction is introduced
into the ACT term.
Both of these assumptions were valid throughout the course of this exper-
iment. After making these two assumptions, it was possible to determine
the standard deviation (S.D.) as
S.D. = ^5— * ACT
where N is as defined above and ACT is given by Eq. (l).






actc0r py davtd m. gofrfl.
this program yiflds a foil activity which is corrected for
iopadiation timf» delay time before counting. length of count,
counter dfao time, and which is normalized as to foil weight
ALL TIMFS ARF IN mjnuTfs
FOIL WEIGHTS Apf in GRAMS
BACKGROUND IS IN COUNTS/MIN
IDENTIFICATION OF SYMBOLS
RTJMF = IRRADIATION TIMF
WTJMF = WAITING TIME* TIMF FROM END OF RUN UNTIL START OF fjpST COUNT
RGOR = RADIATION CORRECTION
TAU = HALF LIFE OF INDIUM H6M
nrno = Dflay CORRECTION
BkTGND = BACKGROUND
TTIMF = CLOCK TIME
nTIMF = DURATION OF COUNT
roUNTS = NUMBER OF COUNTS
DTAU = COUNTER DEAD TIME
TOR = CORRECTIONS
UACT = UNCORRECTED ACTIVITY
ACT = COPPFCTED ACTIVITY
















FORMAT (4(F10,5) I EU. 10)
READ 101, NFOlLS
FORMAT (13)
RCOP = ( 1 .0-FXPF ( -0,ft9315*RT I^p/TAU )
)




PPT NT 3 00* PTI^F
FOPMAT (22H IRRADIATION TIME WAS »F10.3»







FORMAT (lflH WAITING 3,
ppjMT 30?, TAIJ
FOPMAT ( 9H HAL p LlEF , F10.3,
PRINT 303* DTAU
FORMAT (18H COUNTER DEADTIME
PPTNT 304, BiCGND
FOPMAT <15H BAC<CROUND IS , CO'JNTS/MIN , ///)
PRINT 1 ft
FOPMAT (70H '"TIME DTIMp WEIGHT COUNTS
1 FOIL NO )
DO 200 1=1, NFOILS
READ 105, CTIMF, DTTME, WEIGHT, COUNTS, FOILNO
mo = FXDF ( 0.6Q315/TAU*CTlMF ) / ( 1 .0 - C X PF ( -0 . ft9 3 1 5 / T AU»DT I ME ) )




SDCNT = SORTFI COUNTS)
SDMLT = SDCMT/COUNTS
SD = SDMLT#ACT
print io^» riiMc, otimf. weight* counts, foilno
PRINT 1 3 » A C T
103 FORMAT (23H FLUX PROPORTIONAL TO . F15.9» /)
PDfMT 10 7, 9 o
107 FORMAT (??H STANDARD DFVIATION IS » F 1 5 . 9 /
?nn CONTINUE
104 FORMAT ( 21 Fl n ,5»5X) , Fl0.6»5X» F10.2»5X, F10.5)
105 FORMAT (2F10.5» F10,6» FlO.l, F10.5)









BETA, using the output of ACTCOR as input data, performs the task
of solving Eq. (ll) of Chapter III for the fueled and moderator runs,
thereby producing the values of V3 shown plotted in Chapter IV. The
standard deviation in & was determined in the usual manner (El), assum-
ing a Poisson distribution.







rfta. rfturn coffficient for thf mit
this program computes the reflection
amd fast nfutroms









0( ) IMPLIES THF
o( ) IMPLIES THF
PFAO 500, MRUNS
FORMAT (17)
no 6^n i=i , NRUNS
OFAH in
FORMAT (4?H1










LATTICF BY DAVID M. Gor«H
QUANTITY FOR EPI-THERMAL
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- (Y2/Y] ) ) ) /Yl
4 = P7«D*R7Fp
B = P4^D»R4Cn
TOOSD - c, DTF(fl + R)
D = ( Yl SD/Y1
)
* ( Yl SD/Y1
)
F = ( Y2Sn/Y2 )*< Y2SD/Y2 )
F = SORTF(D+F)
BODSD = ( Y2/Y1 )*F
G = ( TOPSD/ ( R4-P3 ))*( TOPSD/ ( R4-R3 )
)
H = ( BODSD/ ( 1 .0-( Y2/Y1 )))*( BODSD/ ( 1.0-
(
Y2/Y1 )) )
p = 5 pTF(r, + H)
P4ASD = (Y]*BFTA)*R
P = (R4ASD/ ( Yl*BFl A I ) *( R4A5D/ t Y1*BFTA ) )
= ( Yl SD/ Yl )* ( Yl SD/Y1
)
5 = SOP TF ( P + O
)
BFTAD = PFTA*c
R4A = B E T A * Y 1
P4L = P4-R44
R7L = P4Lt P^LSD = R4LSD
P7 a = P7 - R4L
BB = P4ASD*P4ASD
P4LSD = SO"TF(B + BB)
AA = D4LSD*R4LSD
P7A<^D = SORTF (& + AA )
PPTMT 5 2 » BFTA
FORMAT ( 1'H ALBEDO IS
PRINT S 7 , BrjAO
FOPMAT ( 27H TH^ S.Di OF
Dpjnit 5 4 i P4A





, F10.8 » ///// )
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pojMT 5 0^, D4A^n
505 FOOMAT ( 10H P4ASD IS » E ] 5 . 9 » /)
PQJMJ 5 n 6 D3i
506 FOPMAT (10h P3A IS » E15.9. /)
DPT NT 5 7 » R3ASO










TABULATION OF FOIL ACTIVITIES
In the computer print out contained in this Appendix, certain
alphabetical letters have been placed adjacent to the run location
numbers. These letters have the following meanings:
M = Moderator run
P Pipe side - i.e. several runs were made at a loc-
ation 180 from the location of the runs reported
(pipe side implies that the overflow lines were
located here)
(blank) = fueled core runs
It should also be noted that data from several of the 6l runs per-
formed were not utilized. A list of these runs is given below, included
in which is a short explanation as to why the data was not considered of
value.
Runs 1 to 6s These were preliminary runs made for orientation purposes.
They served to polish the experimental procedures and
establish irradiation times.
Run 7? Lattice scrammed after start of the run.
Runs 8 and 9s During the course of counting the foils for these runs, the
scaler was noted to throw in spurious counts. The scaler
module was subsequently replaced.

- 78 -
Run 19 J This was one of three runs made at location number 6. The
data for this run was invalidated as it proved to be incon-




LOCATION MKBER IS 2.1
RUN M^BER IS
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ACT I VI TY S.D.
•384405821CE 08 . 1076636070L 06
.38148061 ICt 08 . 11C0076020E 06
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